Erectile dysfunction (ED) is increasingly linked to coronary heart disease risk. Aim of this study was to test the hypothesis whether this association is due to penile atherosclerosis. We evaluated the prevalence and severity of penile atherosclerosis in relation to coronary and peripheral atherosclerosis. Between January and June 2010, a consecutive series of 31 men underwent an autopsy at the Department of Pathology at the Medical University Vienna. Atherosclerosis at the following localizations were histologically classified: right coronary artery, left coronary artery, left circumflex artery, internal iliac artery, dorsal penile artery and deep penile artery (bilateral). Coronary and peripheral atherosclerosis was present in 87.1 and 77.4% of cases. Atherosclerosis of penile arteries was detectable in only 4 men (12.9%). The only factor linked to penile atherosclerosis was diabetes (P ¼ 0.03). All other parameters as assessed according to medical history, general finding from autopsy or histological results regarding arterial lesions in general were not correlated to penile arterial lesions. In contrast to the high prevalence of atherosclerosis in general, penile arterial lesions are rarely present.
INTRODUCTION
As erectile dysfunction (ED) shares almost all risk factors with atherosclerosis, such as hypertension, diabetes mellitus, hyperlipidaemia and nicotine abuse, the vascular component is currently considered to have the most important role in the pathogenesis of ED. 1 Furthermore increasing evidence suggests a correlation between ED and vascular disorders, leading to the hypothesis that ED may be representative of vascular disease in general. 2 --5 Several prospective studies suggest that ED acts as an independent risk factor for future cardiovascular events with an estimated increase of the relative risk of 2.0 over 5 --10 years. 6 --9 A potential explanation, why ED could serve as a predictive symptom for life-threatening cardiovascular events or myocardial infarction was first elaborated by Montorsi et al. 10 According to their 'artery size' hypothesis, the smaller sized penile arteries suffer from plaque-induced obstruction earlier than, for example, the larger coronary arteries. Hence, ED may preceed a myocardial infarction or stroke.
As ED is a highly prevalent disease in elderly men, 11 atherosclerosis of the penile arterial system should be present in a substantial number of men in this age group. Owing to the fact that studies describing prevalence and extent of penile arterial lesions are lacking, we designed the current investigation (i) to study the quantity and quality of penile atherosclerosis and (ii) to correlate penile atherosclerosis to that in other arterial systems in a consecutive cohort of men who underwent autopsy at the Medical University of Vienna.
MATERIALS AND METHODS

Study cohort
Between January 2010 and June 2010, all men older than 45 years who underwent postmortem examination at the Institute of Pathology at the University of Vienna were included. One resident-surgeon of the Hospital Saint John of God Vienna (JS) obtained samples of the following arteries during the routine autopsy of all study participants: right coronary and left coronary artery, left circumflex artery and internal iliac artery. In addition, samples were taken from the following penile arteries: from the first third of the penis: deep dorsal artery bilaterally and the profound penile artery. Besides age o45 years, no exclusion criteria was defined. Ethical committee approval was obtained.
Histology
Histological analysis was performed by one staff pathologist (GB) using a standardized protocol with a conventional hematoxylin and eosin staining. All atherosclerotic lesions were classified according to the American Heart Association-Classification. 12 Luminal narrowing may also be caused by type IV-lesions, but in general, type V and type VI-lesions are considered to be haemodynamically relevant, defined and classified as following:
Type V lesions are defined as lesions in which prominent new fibrous connective tissue has formed. When the new tissue is part of a lesion with a lipid core, this type of morphology may be referred to as type Va lesion. A type V lesion in which the lipid core and other parts of the lesion are calcified may be referred to as type Vb. A type V lesion in which a lipid core is absent and lipid in general is minimal may be referred to as type Vc.
Type VI may be subdivided by the superimposed features. Thus, disruption of the surface may be labeled type VIa; hematoma or hemorrhage, type VIb; and thrombosis, type VIc.
Statistics
Analysis was performed using SPSS for windows, version 15.0.1 (SPSS, Chicago, IL, USA). Multiple regression analysis was performed for logistic multivariate analysis including all consistently known parameters, that is, age, body mass index, hypertension, diabetes and known history of coronary heart disease (CHD). A P-value of o0.05 was considered as statistical significant.
RESULTS
Study cohort
During a study-period of 6 months, 31 consecutive men with a mean age of 68.1 years were included. According to medical history, cardiovascular risk factors and atherosclerotic diseases were frequently present ( Table 1 ). The most common causes of death were cancer (n ¼ 7) and myocardial infarction (n ¼ 6) ( Table 2 ).
Prevalence of atherosclerotic lesions Coronary atherosclerosis was detectable in the majority of cases (n ¼ 27; 87.1%) and arterial obstruction of the internal iliac artery in 24 (77.4%) men, respectively. In contrast, arterial lesions of the penile arterial system were found in only 4 (12.9%) men and lesions of the deep penile arterial system, which is considered to be the most important supply for the corpora cavernosa during erection were only found in 3 men (9.7%) (Table 3, Figure 1 ). In one man a lesion Va was found in the deep dorsal artery and a lesion Vb in the profound penile artery (Figures 2 --4) . A grade IV lesion was not identified within our cohort. Out of these four men, one had no atherosclerosis of the coronary or internal iliac artery, one had a single atherosclerotic coronary plus internal iliac artery and two had a three-vessel coronary pathology plus atherosclerosis of the internal iliac artery.
Risk factors associated to penile atherosclerosis According to a multivariate analysis, including all consistently known parameters, that is, age, body mass index, hypertension, diabetes and known history of CHD, the only single factor correlated to penile atherosclerotic lesions was diabetes (P ¼ 0.03). In men with penile atherosclerosis, prevalence of diabetes was 50% (2 out of 4) compared with 3.7% in men with healthy penile arteries (1 out of 27).
DISCUSSION
Based on a small series of recently published studies, ED has to be considered as an independent risk-factor for future cardiovascular events. 7 --9 The most frequently cited hypothesis why ED and CHD just do not represent coincidental results of the same risk-factors but that ED precedes CHD is the 'artery size' hypothesis, initially proposed by Montorsi et al. 10 According to this hypothesis, an atherosclerotic plaque in the penile arterial system (1 --2 mm in diameter) becomes clinically evident earlier as the same plaque located in the (3 --4 mm in diameter) coronary artery. Therefore ED is considered as a risk-indicating symptom preceeding CHD for B2 --5 years. 13 According to this hypothesis, atherosclerosis of the penile arteries should be present in a significant proportion of men, especially in those suffering from ED and those having CHD. Data reporting histological prevalence and severity of penile atherosclerosis and their correlation to other major sites of atherosclerosis are not available, angiographic findings are very scant. 14 --16 This is the first study that has evaluated histologically the presence and degree of atherosclerosis in the human penile system. In principal, our data suggest that haemodynamically relevant arterial penile lesions are rare in contrast to a high prevalence in the coronary system (87%) and the internal iliac artery area (77%).
Strengths of our study are the prospective design with a consecutive series and the standardized histological workup. The major drawbacks of our investigation are the unknown status on prevalence and severity of ED and the small sample size.
The combination of a high prevalence of microscopically healthy penile arteries and frequent atherosclerosis in the general vasculature may be interpreted as follows: vasculogenic ED is not necessarily caused by atherosclerosis of the penile arterial system itself. The assumed correlation between impotence and CHD is rather explained by arterial insufficiency 'one level' above the penis, that is, in the pelvic arterial supply. During the phase of full erection, the normal intracavernosal pressure is up to 100 mm Hg, which highlights the need for adequate arterial inflow pressure. In the presence of a stenosis of the internal iliac artery, penile arterial inflow can be compromised resulting in ED.
Furthermore, a broad variety of macroscopically invisible pathogenetic mechanisms may have a significant impact on erectile function, such as reduced NO-cGMP signaling, increased RhoA-Rock signaling or autonomic hyperactivity. All of these factors may lead to reduced function of nerves and endothelium, altered smooth muscle relaxation or contractility and therefore have functional consequences on the level of the corpora cavernosa. 17 
CONCLUSION
In contrast to the high prevalence of atherosclerosis in the vasculature in general, penile arterial lesions are rarely present. If atherosclerosis is determined to be the cause of ED in a patient, the assumption from our study is that the obstruction is more likely located at the site of the iliac arteries rather than the penile vessels. 
